Results of anatomical studies on the developing endocarps of Cornus mas and C. officinalis are presented. Formation of an endocarp and anatomical changes in its structure from the flowering stage to fully developed fruits were observed with the use of LM and SEM. In the process of anatomical development of endocarps the formation of two layers, i.e. the inner and the outer endocarp, was observed. Changes in their anatomical structure consisted in a gradual thickening of cell walls and their lignification. The lignification of endocarp cell walls begins in the inner endocarp, it proceeds in the outside parts of the outer endocarp, with an exception of several layers of cells forming the transition zone (circular strand) present on its margin, and finally, almost at the same time, in the rest of the outer endocarp. Cell walls of the cells distinguishing the germinating valves undergo thickening delayed by several days in comparison to other endocarp cells. Thickening of their cell walls starts in cells situated close to the inner endocarp and proceeds to its outer parts, and their lignification is not very intensive. The described scheme of the development and lignification of C. mas and C. officinalis endocarps is similar to that of Prunus cerasus (Rosaceae).
INTRODUCTION
The genus Cornus L. (Cornaceae) comprises approximately 58 tree and shrub species found mainly in the northern hemisphere in the temperate zone, rarely found in tropical Africa and South America (wange rin 1910, Macbride 1929 Macbride , eyde 1988 Macbride , seneta & dola towski 2009 Macbride , stevens 2012 .
In Poland only two wild species have been reported, i.e. dwarf cornel (Cornus suecica L.), at present assigned the extinct species status (Żukowski & Jacko wiak 1995), and common dogwood (Cornus sanguinea L.) (Bugała 2000) . Many other species are grown and planted as ornamentals in gardens and parks (Mirek et al. 2002 , Rutkowski 2006 . These species include e.g. Cornus mas L. (cornelian cherry) and Cornus officinalis Seib. et Zucc. (Asiatic dogwood or Japanese cornel dogwood). Decorative value of these species is connected with their early flowering, closely following that of the common hazel and preceding forsythia. At that time numerous tiny yellow-coloured flowers develop before leaves appear. Next in the late summer and autumn decorative bright-red fruits mature. Cornus mas fruits thanks to the high contents of ascorbic acid and flavonoids are known for the high health-promoting value, particularly antioxidant activity (Pawlowska et al. 2010) . In Turkey they are used for their antiallergenic, antihistaminic and bactericidal properties (ercisli et al. 2011 ). Vitamin C content in fruit of this species is very high, over 100 mg/100 g fruit, which is a value higher than that in other fruits rich in that vitamin (vidrih et al. 2012) . Moreover, its fruits also contain high levels of polyphenols and anthocyanins (Pantelidis et al. 2007 ). Stones of cornelian cherry fruits may be used as a raw material to produce oil rich in unsaturated fatty acids (kuchaRska et al. 2009 ). Fruits of C. mas are also useful raw material, which may be processed to various products (deMir & kalyoncu 2003) . In turn, fruits of C. officinalis are used in traditional Chinese medicine to treat kidney disease and diabetic nephropathy. Studies have also shown a positive effect of glycosides isolated from Cornus fruits against nephropathy. Loganin and its derivatives proved to be particularly effective in this respect (wei Ma et al. 2014) .
Both above-mentioned Cornus species investigated in this study belong to the group of 'cornelian cherries' (CC) comprising six species (Cornus sessilis Torr. ex Durand, C. mas L., C. officinalis Sieb. et Zucc, C. chinensis Wangerin, C. volkensii Harms, and C. eydeana Q.Y. Xiang et Y.M. Shui). 'Cornelian cherries' constitute one of four major clades, into which Cornus species are divided in the current phylogenetic classification (Xiang et al. 1993 , 1996 , 1998 , 2006 , Fan & Xiang 2001 .
Detailed studies on the development and anatomical structure of the pericarp conducted to date concerned plants producing stone fruits from the family Rosaceae (tukey & young 1939, kaniewski 1963) , as well as selected species from the genus Rosa L. (zieliński et al. 2010, guzicka et al. 2012) . Moreover, studies on the formation of the pericarp in several selected species from the genus Cornus were also carried out by kaniewski & hausBrandt (1968) . In relation to the genus Cornus a recent study described and presented a comparative analysis along with an analysis of genetic variation of the anatomical structure of mature fruits in C. mas and C. officinalis as well as their apparent hybrid (Morozowska et al. 2013) . Results of the above mentioned studies indicate different types of endocarp development in stone fruits. The thickening process followed by cell wall lignification in the endocarp, despite certain regularities, progresses differently in individual species. It varies not only in terms of the site, at which it is initiated, but also the direction, in which it develops within the endocarp.
The aim of the presented study was to follow endocarp development in C. mas and C. officinalis from the moment of fruit setting to their full maturity, taking into consideration the progressing process of thickening and lignification of cell walls in the fruit endocarp. Identification of individual stages in endocarp development will show whether and if so, following which of the patterns of drupe formation described to date, endocarps develop in the analysed species.
MATERIAL AND METHODS
Analyses were conducted on two species from the genus Cornus: C. officinalis and C. mas. Material for investigations comprised fruits varying in their maturity, which were collected from plants growing under comparable conditions at the Botanical Garden of the Adam Mickiewicz University in Poznań and at the Arboretum in Kórnik, in western Poland (Table  1) . Plant material was sampled throughout the entire vegetation season in 2011, from the flowering phase to full fruit maturity, initially at 7-day and next at 14-day intervals. The successive stages in endocarp development had to be analysed on different stones, which had been growing under varied weather conditions, thus the total fruit formation time could only be roughly estimated. After harvest the experimental material was preserved and stored in FAA (70% etha nol 90%, acetic acid 5%, formalin 5%).
In order to conduct an analysis of the anatomical structure transverse sections (at three stone length levels: at the base, at mid-section and under the stone apex) and longitudinal sections were prepared both manually and using a Leitz sliding microtome. In order to detect lignified cell walls microtome slices of 50 μm in thickness were treated with floroglucinol with hydrochloric acid. Stained slides were examined under a light microscope (LM) and images of selected specimens were taken using an OptaView camera.
Endocarp sections for observations under a scanning electron microscope (SEM) were prepared manually, dehydrated in an acetone series at concentrations of 30%, 50%, 70%, 90%, and 100%, three times for 6 min each and sputtered with gold. Observations were conducted at the Laboratory of Electron and Confocal Microscope, AMU in Poznań, under a Zeiss EVO 40 scanning electron microscope at 8-15 kV depending on the species.
Since fully developed stones of dogwood fruits are very hard, preparation of transverse sections turned out to be impossible at their full maturity, i.e. after reaching full colouring. 
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RESULTS AND DISCUSSION
Analysed plants from both Cornus species differed slightly in the phenology of flowering and fruiting, which may result from their genetic variation and local weather conditions during the vegetation period. However, the period of fruit formation from flowering to the development of mature fruits and their complete colouring lasted for approximately 140 days. When analysing individual fruit development stages it was found that C. mas was slightly more advanced in development in relation to C. officinalis. Anthesis was observed in both investigated species with a time lag of 2-3 days, respectively. Studies conducted to date on the development of drupes show that it comprises three stages. Stage I is the phase of rapid growth, taking place after anthesis. At that time we observe both a rapid increase in the number of cells and their size. Cell walls gradually thicken, but are not yet lignified. In stage II, the so-called period of delayed growth, the process of stone hardening progresses, as cell walls continue to thicken and lignify. Stage III is the so-called second stage of rapid growth, lasting until fruit maturity. It consists mainly in the growth of the mesocarp, while stone hardness increases slightly (kaniewski 1963).
The cyclic fruit development was presented for the first time by connors (1919) based on the peach. A little later the next development stages were described by tukey (1935), who established three development stages for cherry fruits (Prunus cerasus L.). Next tukey & young (1939) confirmed the above-mentioned results in further studies on Prunus cerasus L. var. Montmorency. Changes in the anatomical development of fruits in Prunus domestica L. were described in detail by sterling (1953), in Rubus strigosus Michx. by reeve (1954a, b), while in Rubus occidentalis L. by Boynton & wilde (1959) , thus confirming the three-stage scheme for pericarp development. A slightly different process -comprising two stages, also as a result of a different fruit type, is observed for the development of the pericarp in different species from the genus Rosa (zieliński et al. 2010, guzicka et al. 2012) .
Conducted morphological observations combined with length measurements of the forming fruits in the examined dogwoods confirmed that at the initial stage of pericarp formation, i.e. within the first 35 and the following 28 days after flowering (up to 10.05.11 and 7.06.11, respectively), the greatest increase in fruit length was recorded. In relation to the length values from the first observations it was 118.7% and 153.5% for C. mas and 95.9% and 106.0% for C. officinalis, respectively. At later dates this increase was no longer as significant, ranging from several to less than twenty percent of the previous value. In the next interval covering the period between days 63 and 91 after flowering (7.06-5.07.2011), major anatomical changes were taking place within the stone, consisting in the increase in the thickness of cell walls and their lignification, i.e. transformation into sclereids. In the above-mentioned period changes in fruit size, including their length, were not as marked. Throughout July the process of fruit maturation was progressing, during which their colour was changing and the fruits were becoming increasingly fleshy. In relation to anatomical structure the above-mentioned processes were connected mainly with the growth of the mesocarp. According to the results given by kaniewski & hausBrandt (1968), the growth of the fleshy pericarp in C. mas lasts until the end of July.
Based on the observations of transverse and longitudinal sections of mature fruits in C. mas and C. officinalis as well as the existing literature data (kaniewski & hausBrandt 1968, Morozowska et al. 2013) it may be stated that the anatomical structure in the fully developed pericarp is similar in both analysed species. It is composed of three layers: the exocarp, mesocarp and endocarp. The exocarp is typically composed of a single layer of tiny cells with strongly thickened outer cells, while the mesocarp is made up of one -two layers of hypodermal cells and several layers of relatively large isodiametric thin-walled parenchyma cells. The endocarp (the stone) is formed by cells with thick, lignified walls. In the endocarp we may distinguish two layers, the outer and the inner endocarp, which differ in terms of the shape of cells and their orientation (Morozowska et al. 2013) .
In the first stage of the so-called rapid fruit growth in C. mas and C. officinalis, i.e. in the initial development stages lasting from 22.03.2011 to 26.04.2011, no differences were observed either in transverse or longitudinal sections in terms of the thickness of cell walls within the entire endocarp. Cells forming individual layers were of similar size and shape, although a subtle difference may already be observed in the size of cells forming the mesocarp and the endocarp. These observations concerned both examined species (Figs 1 and 2) . After the next two weeks (10.05.2011) cells were still thin-walled, while a boundary between the meso-and endocarp was clearly marked based on the difference in the size of cells forming these two pericarp layers and the manner of their arrangement. Cells forming the mesocarp were larger, rounded and arranged much more loosely in comparison to the polygonal, closely arranged endocarp cells (Fig.  3) . Moreover, according to kaniewski & hausBrandt (1968) the inner part of the forming pericarp, i.e. the future endocarp, was devoid of chloroplasts, in contrast to the outer part, particularly cells located closer to the epidermis. In the forming endocarp bands of smaller cells with a relatively looser arrangement, delineating the outline of the germination valve, could be distinguished (Fig. 4) . Resin cavities, much larger than the surrounding cells, could also be seen (Fig.  5) . The manner of formation, distribution and size of & hausBrandt (1968) , at the very early stage of fruit formation, still in the ovary, a band of two to three layers of cells was observed at the boundary of the mesocarp and the future endocarp, separating these two layers, which the above-mentioned authors called the circular strand. Morozowska et al. (2013) also described the presence of two to five layers of cells, forming the so-called transition sclereid zone located on the outer margin of an endocarp. The present work confirmed these results both at the early and at the late phases of the drupe development, with the presence of one to two/four layers of cells with only slightly thickened cell walls on the outer margin of the endocarp (Fig.  9) . At the end of May, but generally in the first days of June (7.06.11), in cells of the internal endocarp the thickening of cell walls as well as the first symptoms of their lignification were observed. Cells surrounding the resin cavities present in the outer endocarp were at that time also characterized by delicately lignified cell walls (Fig. 10) . The described direction of cell wall thickening overtaking their lignification is in agreement with the results of other authors describing drupe development (kaniewski 1963 (kaniewski , kaniewski & hausBrandt 1968 .
Changes in the anatomical structure of C. mas endocarps observed during the next two weeks (21.06.11), i.e. in the 2nd phase of fruit development, concerned further cell wall thickening and their lignification. Lignification started in elongated sclereids of the inner endocarp, surrounding the locule cavities. In the outer endocarp lignification was observed first in its outer parts and a little later in cells of its inside part. Less lignified cells were observed between the resin cavities in the middle part of an endocarp. The strands of cells distinguishing the germination valves were characterised by non-lignified cell walls and the thickening of their walls proceeded from the inner to the outer parts of the endocarp (Fig. 11) . At the same time one to three layers of smaller and rather thin-walled non-lignified cells were still present on the outer margin of endocarp and in the lignified cells of the endocarp the presence of numerous pits was observed (Fig. 12) . Transverse sections of endocarps at the same time of development showed the presence of cells with thickened and lignified cell walls both in the upper and bottom parts of the endocarp (Figs 13 and 14) . At the same time, in C. officinalis endocarps, only the very first symptoms of cell wall thickening and ligni- 
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fication were present, but it was already possible to observe, similarly as in C. mas endocarps, the presence of non-lignified cells distinguishing the germination valve and cells forming the surface layer of an outer endocarp directly adjacent to the mesocarp (Fig. 15) . In the transverse sections of apex parts of C. officinalis endocarps smaller cells with little thickened and lignified walls, in comparison with the other cells in the endocarp, were observed (Fig.  16) . That means that for both examined species the thickening and further lignification process of endocarp cells starts in its upper part, close to the style. The described sequence of the C. mas endocarp development is generally in agreement with the earlier results of kaniewski & hausBrandt (1968) . Some differences concerned the time of lignification of cells forming the strands distinguishing the germinating valves, which according to our observations were still not lignified at the beginning of July, while according to the above mentioned authors the whole endocarp was lignified already at the end of June (Fig. 17) . Such a difference may be partly a result of different weather conditions during the years of particular observations.
Observations of the transverse and longitudinal sections of endocarps made during later stages of their development, for both examined species, confirmed further cell wall thickening and lignification in the most outer and the most inner parts of an endocarp, and also in its middle parts almost at the same time (Figs 18 and 19) . The lignification process observed in C. officinalis endocarps was delayed for several days in comparison to C. mas endocarps, but the scheme of the process was the same. At the final stages of endocarp development the presence of cells with very thickened and lignified cell walls was described in whole endocarps of both examined Cornus species, with an exception of the presence of two- (Fig. 20) .
CONCLUSION
In the process of anatomical development of examined endocarps the formation of two layers, the inner and the outer endocarp, was observed. Changes in the anatomical structure of endocarps concerned a gradual thickening of the cell walls and their lignification. Lignification begins in cells forming the inner endocarp and it proceeds in the outside parts of the outer endocarp, except for several layers of cells on its margin. The cells forming the rest of the outer endocarp lignify almost at the same time. The described process begins in cells of the upper part of the endocarp, and it gradually proceeds to its base. Cell wall thickening in cells distinguishing the germinating valves is delayed by several days in comparison with the other parts of endocarp and their lignification is less intensive. In endocarps of both examined species thickening of the cell walls and their lignification follow the same course, with several days of delay in respect of Cornus officinalis endocarps. The described process of the development and lignification of C. mas and C. officinalis endocarps corresponds best with the type of fruit development observed for Prunus cerasus (kaniewski 1963) .
